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(54) NEGATIVE THERMAL EXPANDABLE GLASS CERAMIC AND METHOD FOR 
PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative thermal expandable glass ceramic 
having a sufficiently large absolute negative thermal expansion coefficient in -40° C to 
+160° C, and to provide a method for producing the same. 

SOLUTION: This negative thermal expandable glass ceramic, characterized in that a 
thermal expansion coefficient is -25 to -100 x 10-7/° C in a temperature range of -40 to 
+160° C, in that the main crystal phase comprises one or more materials selected from 
p-eucryptite solid solution (p-Li20.AI203.2Si02 solid solution), p-eucryptite (p- 
Li20.AI203.2Si02) and p-quartz (p-Si02), and further preferably in that the total crystal 
amount of the main crystal phase is 70 to 1 00 wt.%. 
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(57)[^)] 

mm) -4o°c~+i6o°cicfciNr. +'Aizx$tj:mtti&<Dn<Df&B&m$si&ttz>. m.mm 

IMTk^m -40 o C~ + 160 o C£>;UJg®HlCfcl,vC. IW3H&2W-25 100x 10 -7 

/°C-efcy. £$£HfBa<. p-J— ^'J3f^hS^(p-Li 2 0-AI 2 0 3 -2Si0 2 @^i*). p-ZL— 

^U^-fKCp-L^o-Ai^-zsiop.p-S^S^Cp-s^Sjt^fc.fetXp-SIKp-Si 
*S(D^8+$£II*^ ft*%T% 70~1 00%"efe<i>C<!:^$?3:Ll^o 



m-Rmi ] -40°C~ + 1 60°C<DSJtt5ffllCfcLNT . HMt^S&?W-25~- 1 00 x 1 0-V o C 

[»#II2] ±3£H*@7b^ p-n.-<7'J^-<h@^(p-Li 2 0-AI 2 03-2Si0 2 ©^), p- 

^U^^h(p-Li 2 0-AI 2 0 3 -2Si0 2 ).p-q53IIljti*(p-Si0 2 @^)fcc):i;p-53l(p-Si 

0 2 )7^ig[#h,3l*l£fcl;miJU±T?fc£^ 

[ii#H3] MiB^Biffio^it^Hia^. ss%r% 7o~ioo%^fc3z££^£-r&if# 

[If Jfclf 4] Si0 2 40~65%AI 2 O 3 25~45%Li 2 0 5~15%B 2 0 3 0~3%BaO 

0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 0~4% 
As 2 0 3 + Sb 2 0 3 0~2°/o(Dm'&VZtlt>&f$.ft : £^L. fro. PbO. Na 2 OfcJ:tf K 2 0£Hff 

[If *JS5] Si0 2 40~65%AI 2 O 3 25~45%Li 2 0 5-1 5%B 2 0 3 0~3%BaO 

0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 0 — 4% 
As 2 0 3 + Sb 2 0 3 0~ 2%(Dflj^TfZ;h,f>#J&#£^*rU J^O. PbO. Na 2 0fc«fctfK 2 0£Hft 

^b*-frr»&*L«.z^i#«tr*»*«i . 2. 3*fri*40)^-r^^ictBm<Dm^?si4^ 

[IS3fc5i6] M°*%"e, Si0 2 40-65%AI 2 O 3 25~45%Li 2 0 5~15%B 2 0 3 0~3%BaO 
0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 0~4% 
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As 2 0 3 +Sb 2 0 3 0~2%<DfiJB-*e-Hb J &Ji)c^#^L. frO s PbO. Na 2 OfcJ:tf K 2 0£^SI 

[If3fcJS7] SCft%T:\ Si0 2 40~65%AI 2 O 3 25~45%Li 2 0 5~15%B 2 0 3 0~3%BaO 
0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 0 — 4% 
As 2 0 3 +Sb 2 0 3 0~2%<7)flJ^T*C;|x£#J&#£^*rU fro. PbO s Na 2 0fc<fctfK 2 0£^Sl 
MfC^frLfcl^fiiW^XfcJSl&U &>frLfc&. t&3fcfCLTfre>J*fl*U 1 200-1 350°CCD;U£ 

[If ^^8] If%t\ SiO z 40~65%AI 2 O 3 25 — 45%Li 2 0 5-1 5%B 2 0 3 0~3%BaO 

0. 5~4%MgO 0~2%CaO 0~3%ZnO 0 — 6%P 2 0 5 0~4%ZrO 2 0~4%TiO 2 0 — 4% 

As 2 0 3 +Sb 2 0 3 0~2%<D»]^T?Z;h,£#J&#£#;£U fro. PbO, Na 2 0fccfct>*K 2 0£^!t 

Ml~^Ua^:tf^X£;tl!llU J»U !&mzfc£T'&tfiLtzik. 620~800°C(7};££-e1£ 
«SJ*U 3fcl*"C, 700~950°C(D;^T^r B ^^1±^Z^^<b^^ft W?ft14^X^S^ 

[Iff #JS1 0] !Sftj»»«»A<jET?fc€>#»tffl^^^1*TfflJtffi««IJ#tLTffiffl$tL*Zi:$4* 
mt-r-SI* *JS1 „ 2, 3 S 4. 5. 6^frli9IClBt£(7)^llft)^3I14**7X«5^Xo 

[it ^1 1 ] tfc7T*/*—&mm?z7'U*izm^*ft&z£&$wtt?z>m . 2, 3. 4. 

5. 6. 9£fc[*1 0|CIfim<75M^3fiti^X-tZ75^^X o 
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[0001] 
[0002] 

^h-So o*y. aft*<bicj:or*7T-f/<36<»». iwe*«cyzcfcy3ife^MfctMi&<*fl: 

[0003]fct7lli. 4#|HWlO-90555#**ttl=l*, JM^a***!^^ iE<D«ft»3fi«tt 

MtetolZlZ&£k7$*J^-&mi^Zttfm7ji2*lTl^o W097/1 4983-J§-4miZ 
0»«tt£W«fcM#^l=J:ytt«Lfc^ 

**LTL^5ftftW5J"^(jH'Jx^^TSK)©l»»»ff*I*.-1. 8x10"V°C 7. 2x1 

0-V°C-efc&o !fcP*Wl 0-96827-§-^fg|Cli. S»r^U— r--f>^^fi*Lfc*7 

f&mt^tji^nuwzmjniftz/i^-^m^tixi^o mwomzit* -4. 7 — 9. 4 

x 1 0-V°C<Z)f^)lg?l^^W-r^ZrW 2 O 8 (D|»^^b-1 2. 4 x 1 0 _ V°C(D^<*^ff^i?)cL 

[ooo4]*fc. ^-a><fex^;u^-||ii^i?^if «We*s a 

[0005]Lfcrf)<oT. ±IBIc^lf fcJ:a^#fIf : /<'rx^lZ^ffl$^*t*4^, ±IB#«t s /W 

^LTii. — *fti=. p- D.-wy^hife^ fc5iM*S*SS£#t?Li 2 o-Ai 2 o 3 -sio 2 &-tr 

^S^X. Li 2 0-AI 2 0 3 -Si0 2 ^^X-tZ : 75^^X, ZnO-AI^-SiO^tf^X-fc^S^ 
&l 'BH ^ H ifi £ P 4t X i N & o 

[0006]fc£*.l*, ^^BS63-201034-^-^glZ|*. jkOjtf^XRiifcl&t&SfclZ^iEH* 
<DAI 2 0 3 fccfctf Li 2 0*»;fc£;g^U flQflfcf HiLTcgL S£R$£T3M£*£U $blc#^t5fflc7) 

;a^(DT-ei 2-24B#wmD«iLf=«, sztc^y . nom&^m&tt-t&ife&ittf 
^{i5^tt^vv*)*m&?tt&tfm^ft.x^z> 0 znjjfcvit. mmmftrntmrnm 
&&o>$kft&&x.x % m*tm<*>'ottt£iMf£ik<tii : 7*tLx. aa>r»w»««fe3&<-6ox 1 

0 - V°CfIJ£(7)*,cZ>£*f|-Cl,^o 
[0007] 
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97/14983^ffilCfclNT. nm&W&ttmtLX&mZfrXl^fe&rf*) T-f*. 
^fc^Zi:^t>. $S B B a CDiB[6]1±A<3it<. fc<!:^l^aifi£^p D n T*liV'J^ < if<7)P Q ^li^fc'i>o 

&tz. ±fE^P^¥l 0-96827^fg|CfcL^T; B l S^i^«$^5W«!:LT^ffl$HT^^^ZrW 2 O 8 •^Hf 
[0008]£fc. ±a^a)^^BS63-201034^$g|zr^^^-CL^-5fg B 3 ^b^Xli. ^lijtf^ 

2 oi^<D7;u±iy#«@^b^7;u;bU±!l^ 

*uyh£o<y . ^0>£uyh£^#LTm/i 6oo 0 cT^ifeLr*5y . xfij^^-efe^?*.!::. 

[0°009]£*i, *#FjfW2-208256^fglC[i. ±$SSffl75)<p— 53S@^#fc<ki;/£*:l£S 

io-V°c(-2i. sx io-V°o-efcy. ^icm^moilft^^ls^LTi^.hiiwi^it 

lir^^o mz, li^^m-tzm. mi%'nt>ftz> &oizm&ffflmm-**n^ mim 1:0^ 

^ic^K^-tz^S^^X^tf^C^Tb^^^o ±!B3Sl60fla>;8l8lL2B&te1 620°C<hiS; B l -e 
fey, M^Lfc^P^BS63-201 034^fg|cF w 1^^HTl>^)^it75;i<!:|5]^a)Pp1ii^LTLN 

[001 0]J2l-tO> $£*<Dfta>J»»»fttt£W«ttJSH*. l*<0;&xa>ffilHj££*rLTl*a 

l^fc:l^(D7!><S|!tfc-Trfe6o 

[001 1 ]*fg0J3<Z> @ Mte. ±E3Sttl=«*K x*;u^-||ai»»^« . ftiHf #I?^"e 
^ffl^H^CD-lSW^^JtSSfflT'feS, -40°C~ + 160°ClCfcl,vC, +#(C*#&$fe*HS<D 

[0012] 

*S^> f#^MfiJcl5ffl<7)Li 2 0-AI 2 03-Si0 2 -Ba0^7X^^SLr. $£JHb-r<5 

y. Jt;S1**<fc<*#fc:^ 

iooi3i?tj:tt.ffiumM£m}tt^<Ammiizim(Dmw\z. -4o°c-+i6o°c(d; b 1 
jtiEHizfeixr. mmimm*-25 — 1 00 x 1 o- 7 / o cxfoz>^t&ttWLt-?z>MmBim 

[001 4]&tz. tmmnztmomm*. m*mi iztmoynmm^^^^v^^iz^ 

X, ±|gfi*BJb<* p-J.— <7'J^^h@^<*(p-Li 2 0-AI 2 0 3 -2Si0 2 @^). p-ZL— 
h(p-Li 2 0-AI 2 0 3 -2Si0 2 ).p-5^@?§i*(p-Si0 2 @i#i*)fc { *:l/p-5^(p-Si0 2 )ANb^ 
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[001 6]ffi3fcIi4lCfE»i<D5§IEIi. tS*^1 . 2*^l*3(DL^nAMCfBtg<Dmiftl^?Stt^X 
•fe^5^X(CfcL>-C. Si0 2 40~65%AI 2 O 3 25~45%Li 2 0 5~1 5%B 2 0 3 0~ 

3%BaO 0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O5 0~4%ZK> 2 0~4%TiO 2 
0~4%As 2 O 3 +Sb 2 O 3 0~2%(DilJ-£-e;Zftb : &J&#£#WU fro, PbO. Na 2 0fcefcl/K 2 0 

[0017]Ii^3S5lClBK(D^BJIi. IS^3S1 . 2, 3*f-(±4<7>L^4xAMCfSK<7)m^?S , tt^ 
X-fe^V^XICfelNT. SiO z 40—65%AI 2 O 3 25~45%Li 2 0 5~1 5%B 2 0 3 0~ 

3%BaO 0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 

0~4%As 2 O 3 +Sb 2 O 3 0~2%<DtJ^C;fr£ i &J&#£# ; f¥U rf>^ PbO. Na 2 0fccfci;K 2 0 

^mn^nz^mu^ma^^. ?spiau ^Ltc&s ^icl-ca^^u mz. mmz^-o 

[001 8]IS^Il6lwiem(D^|B^li N ff 3JUS1 % 2, 3^fcl±4(7)t^^lCiam(7)m^5Stt^ 
X-fc^y^XlZfcl^T. Si0 2 40~65%AI 2 O 3 25~45%Li 2 0 5~1 5%B 2 0 3 0~ 

3%BaO 0. 5~4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 2 0~4%TiO 2 

0~4%As 2 O 3 +Sb 2 O 3 0~2%(Dfl|^C;h,b : &J5£#£^rU PbO. Na 2 0*5«J;t/K 2 0 

^mnmz^mu^mis^x^mmu mmL. ^mzjtcx^Ltz^. mmiz^xm^it 
^xmh^h^t^^ft^o 

[001 9]it*]si ~60^i*Hfr\ztm<Dn.m&&teJi7tt^v<7*iz. xztt&mmcDn. 
^s^xis. m^Bitm^mLxiti^o(Dmn±^tLxit^<Dm^i^m^. 

[0020]Lf_A<oT > If ~6fe'&lNf*9tBit<7)^»?I , l4^Xiz^5^'7Xl*. If 5fc^1 0 

h-5o if ^3si i iciBm<D^§Bj(D t tai^ 3t77-f/\-^@it uxizumzmi^ 

ft3o If *«10, If 3U11 1 ICfB®<7>fgBJ|CcMx[;f. ^f|Bja>MW?it±^X-fe7S^X^ 

f&Bftmm<3Ex&zttmtmft&*>i±xfcmffim&tttLx&m?&ztiz ^o-c. =?' 
Lx\t. tztTLit. atmm^m izte^x&mzft&ftz>Tj/<—mtfTm®ffift^?fc^*wmtf 

[0021 ]If 3fcll7 IZtZMCOmmt. m^%X\ S\0 2 40~65%AI 2 O 3 25~45%Li 2 0 5-1 
5%B 2 0 3 0 — 3%BaO 0. 5~4%MgO 0~ 2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 
2 0~ 4%Ti0 2 O— 4%As 2 0 3 + Sb 2 0 3 0~2%(DW\'&XZtlZ>&f$.ft : £:^ : fiL. fro. PbO. N 

^ote&zfKzOzmntoiz^mLui^mji^zmmL. antutvt* ®mzLxfrt>mmL* 1 2 
00- 1 3so o c(o^mxms&Lx^ B it^^zt^nmtr^nmm^^±'^^^^<p^o 

WL&157&X&&0 

[0022]If j£m8lZtZWl(D§£Wl£. mm%X\ SiO z 40~65%AI 2 O 3 25~45%Li 2 0 5-1 
5%B 2 0 3 0~ 3%BaO O. 5 — 4%MgO 0~2%CaO 0~3%ZnO 0~6%P 2 O 5 0~4%ZrO 
2 0~4%TiO 2 0~4%As 2 O 3 + Sb 2 O 3 0~2%(Df ll^tlb^^tfL. PbO, N 

a 2 0fc < fctKK 2 0$||KB<JlC#^L^^:L^J^^X^^i!l5L. fifcJ^U i&^IO&i:Tt&#UH£. 620 
~800 o C(D;UJ£T«:M&U *L^T», 700~950°C(D;UJt"e^ B 3 ^b$-a--l>C < i:^1^<i:-r-§)^ 

[0023] 

imM<nmm<DmmmT . ^m^co^mm^^^^^^z-D^x. mmizmwrzo 

^<r^ B s H ffilcffi$E^lJ:f^4. -T^*>. #^*(7>$£ H B a «#100«fi%<D4,<&*,^i;o 
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m • 

i 2 0-AI 2 0 3 -2Si0 2 @^{*). p-ZL— ^'J^>rH(p-Li 2 0-AI 2 03-2Si0 2 ). p-5l^@J§i*(p 
-Si0 2 @J§<*)fccfcl/p-5^(p-Si0 2 )A^^)Ml^tL^>1a^f=l*2flm±-C:fc^o @Jt 
p- ^'J^SKK fc-5tMip-^^tt^tl(7>^ H B B [cfcl>-C, -SPA^BSI^tLTL^fc 

[0025];i;ft£(D±^JIffll*.;fcfPJ<Dmt^^^ 
[0026]#IPJ3(Z>mSS&l^3§14#7XiZ7£*;>?*^^ 

[0027]SiO 2 . Li 2 Ofc<fctf AI 2 0 3 J?!i#l*s ±|g H%ffiT?fc"&p- i— < ?»J^*-f MUgf*, p~ £ 
[0028]AI 2 O 3 ^f*, 25%5fe3ST?(i* ^X(D^m^Sil^^fr^)l^r7X<7)±4)M'ttA^£ 

tu &tz. mm<D3ii&&mK !&mm.±f&uz«u& 0 -75. 45%£isg*3£i<ii£*<i;; B jc& 

yf£\ **7X<D^i!t;t?t^Sitl^^f^. AI 2 O 3 m^0)«<DM*LLN®ffll±, 25~45%"e 

[oo29]Li 2 oj&#i*. 5%^mv^ht^um(Dmm<o±^^tm^ti<tj:^o^tz. 1 

#K $?£Ll^HI±5~15%-efc£„ 

[0030]B 2 O 3 ^Mi. BSi#7;*<D»i»ttgMM?<D@ MT*ffmic^APT*#^»^. *#gBJ3<0^8&I|g 

[0031 ]BaO. MgO. ZnOfc £tf CaO0>#fi£#li. p- J.— ^U^-ThS^Cp-L^O- Al 2 0 
3 -2Si0 2 H»(*:)fc<fe^p-5^H»i*(p-Si0 2 H»fr)(D«j«S*i:ft*fiSft^T?*4 
^ CtLt>#i$^(7)»*<. ^-rtL. 4%. 2%, 6°/ofe<fci;3%$iS^-§>i:f|ftl!g?i^lS^7c:#<^ 

y, @«£«J»«3S«»j&<f§jHt<fc5o ±IE£-J##<D?*>. BaOjfcttli* 

[0032] P 2 O s . Zr0 2 fc<fct/Ti0 2 (7)#fi)c^l*. l^;Kt$£.lB*M£j£#J£LTftfflT6#. -^b 
&Zttf&& 0 *<Dtz&>. ±U&f$.ft<Do-t±. Ti0 2 fig^l*3. zr0 2 fiJc^ii2%*-e<h-r^ 

[0034]fcfc\ PbOJ&#l±. aS*»»l=3XK*S-r*fiK»T?fcy. Na 2 Ofc<fctf K 2 Oj$# 
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m m 

<tfc. WBI*«:if<D^Xfl[#M6ff«. H£U m*fcif[=A*U 5&1 400-1 500W8)6B$H 

3k<7>¥£1IliS*TMOOurnUrF. ¥i$*iSI£lOu.mJ*LT#M£LC ¥^*i^^5^mJ^Tl?fc 
&^<!:7WlcM£Ll^o mXft'&tfi 00\im^X^>t. '&&T&&f£1feikit\Z!&Wt£im]%.tfM< 

[0037];jn^T\C(D£9lcLTf#£ftfc:tf^X^£^ 

coo38]±ibjDo^^. titmz&^x&gkittt&t&m&fTOo mr*Ltz&<D%. m&'&. 1 200- 
1 35o°c(D;ajtT^2~i oB#F H m^Lr^m-r-5o -tu^u. mmco^m^n^mth-r^o m 

J$.\^Xlfe&\te J £t=.mZ. n<Dm&^m%i$:ft'3il£M>tftiTihLXl^tz&>lz^ tofitthtfi^vV 
#A3o Z<Dtzft50°C/hr&T<D&l£Xfo7%-1-Z>Z\ttfM-£L^ o ti;1S % ZZXl&tiiLXlfegkit 

[oo39]±sB(DHi ©^sfe-ci** JSfe«fla*^«(z*f?'S:fta>f»i»3fi«»'*§«r3»§zt^-e 

-r. 62o~8oo°cco^r^^L> mm^-to ^(Dmm : ,&m*62o°c&w&<xt>. 

lVt800 o C&m<X^mM l m<±f$.Ltil[,\ mm&. 700~950°C(D;£j£-C:\ ^g^-fb^fi^ 
<fcl*o fSIMb&li* BtflSm CDTaJi-eiZ&^CcfeaiC, 50 o C/hrmT<Dgj£T:i&;1rr&C<»:#M 

[0041 ^<d%2<dj5&x\z. ®mztfLMLx&m?z>m <Dj5&t$t<<x. mii=?*&m&L. 

[0042] 

[00431S1 *5J:i;S2|C[i.^B^<D^X-b^5^X<D||j5S0ijNo. 1~No. 7|COl^T,*l 
(DXfoZo HJfc#JNo. 1~No. 7(7)^X^5^X1*, ^(D^ai^itLtro^-fsSlfc^ 

;uy#(cA*u cft^il^^^S^ffl^Ti 400-1 550 o c(D;^-e6~8B#r H ^i4. mn 

Ltz a 

[0044]C(7)& v 3|j!jfcflijNo. 1,No. 2fc«fctfNo. 3ICOLNTI*. ^i!!^L^S<^>Jl^X$7K c t , 

ftbftfcj&ff^^j&fFicAti-c. jjpfifts sjbu si ic*LfettfiK4sga<bajs-cm^^ra 

[0045]^fcs HWJNo. 4, No. 5 S No. 6fcJ:tfNo. Hz-Dl^Xlt. ^®bLtcJ^^X^#S 
•Tie, *0>f:£&j3MFl::A*iT\ *DJHk MU &2lz^Ltz&W*tfL : &mxmfetifr£l&ftLX* 
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£k&$Kmuzo $cl % t n jam. m&Lx. ftc<m2x^Ltzm&it}&mxmj£tifN\&ftLxii£ 

(DUmZmW. (^)'J^^TAS200f|ft^^^MI^«fe L A ;£jg^H-40°C~ + 160°C 

®j£x&®m&\~&z>\z-<7mmfrt>BihLtz 0 z<D$sm£. mi . ^<^xsm.2\z^Ltz 0 

[0047]*fr. ft&CDtf^X-fe^S^XlCOl^T. Jt^jNo. 1 -No. 3tLX. mM$£tf£.2. 
WH&lZ* ^3IZ^Lfz 0 J±$t#JNo. 1 No. 2CD±T^X-tz^=^<7Xli. HWJNo. 4~No. 7 

£(5]*i<Z>;5;£-eS!H£U tb^JNo. 3<D^x-tr^5^xi*. HWJNo. i~No. 3tm&(DJD 

[0048] 











N o. 


i 


2 


3 




S i o 2 


4 7. 0 


46. 0 


4 8. 0 


A l 2 0 3 


4 0. 0 


40. 0 


38. 0 




L i 2 O 


1 2. 0 


1 2. 0 


11.0 


J* 


B 2 0 3 






1. 0 


a 


B aO 


1. 0 


1. 0 


0. 5 


s 

% 


MgO 






0. 5 




Z n O 




1. 0 


1 . 0 




9 5 


85 


7 0 




12 5 0 


13 0 0 


12 50 




mmm (h r) 


7 


4 


4 


isygs^a (xi o-vc) 

(-4 0t~+ 1 6 CC) 


-9 3 


-7 3 


-3 6 



[0049] 
[«2] 
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No. 




A 


R 
\J 




7 

# 


a 

X 

& 
S 

s 


S i 0 2 


4 6. 5 


5 7. 0 


5 9. 5 


47. 4 


AI2O3 


3 9. 5 


2 5. 0 


2 5. 0 


3 4. 6 


L i 2 O 


11.5 


5. 5 


5. 0 


i I. 0 


B aO 


0. 5 


1 . 0 


0. 5 


2. 0 


C aO 


0. 5 






2. 0 


Z n O 




6. 0 


4. 5 




P2O5 






0. 5 




T i 0 2 


1 . 0 


2. 5 


2. 5 


2. 0 


Z r 0 2 


0. 5 


2. 0 


2. 0 


0. 5 


A s 2 0 3 




1 . 0 






S b 2 0 3 






0. 5 


0. 5 






9 0 


80 


O U 


Q C 

0 b 


m&8%M CC) 
m€fl#H (h r) 


640 

C 
O 


700 

C 


720 

c 


640 


CC) 

ffWI (h r) 


720 
5 


780 
5 


800 

5 


720 
5 


mmmm. (x i 0 -vc) 

(-4 0t~+1 6 0*0 


-96 


-2 8 


-2 6 


-80 



[3I3] 
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IN O. 


1 


z 


3 




S i 0 2 


57. 5 


56. 5 


46. 0 




A l 2 0 3 


24. 0 


2 6.3 


38. 0 


a 


L i 2 O , 


7. 0 


5. 0 


11.0 


B2O3 






4. 0 


m 


B a O 


3. 0 




0. 5 


—p. 

m 


M g o 


1. 0 


1. 0 




h 
s 
% 


Z n 0 


2. 0 


1. 5 


0. 5 


P2O5 




4. 9 






T i O z 


2. 5 


2. 3 






Z r 0 2 


2. 0 


2. 0 






As 2 0 3 


1 . 0 


0. 5 






6 5 


6 5 


4 0 






7 0 0 


7 0 0 






®mm (h r) 


5 


5 






ISHrftSS CC) 


7 8 0 


780 






«JtB#H (h r) 


5 


5 










12 00 




«J#£fS3 (h r) 






4 


&8£?g<3SSJ[ (X 1 o -Vt) 
(- 4 Ot-~+ 1 6 0*0) 


-6 


- 1 


-5 



[0051 ]*1 fccfctf^frb^&J:?!^ ^BJ|-^^^||]5£^IJ(O^Xi2^5^XI±«?i 
G&&#-26 96 x 10-V°C«i:, ^lC$6^IA^#l^Ofil^^LTL^^oX^[ll^fT^ 

(p-l_i 2 0-AI 2 0 3 -2Si0 2 K HWJNo. 2. No. 3fc<£tfNo. 4T?(*p- ^M^-fhgl^Cp 
-Li 2 0-AI 2 0 3 -2Si0 2 @^).H»jNo. 5fc<£t/No. 6lip-535@5S<*(p-Si0 2 @jt{*) 

C0052]dtL[cML.X^lElifrCDiSg^, 1£$$#IJNo. 1,No. 2fc<fct/No. 3T?li* 

[0053]H»jNo. 4T*l#t>H7i^X-tr^5^^X^Kr. ffiJSLT. iSSflHtfiPttiLt, 
30mm x ffil 5mm x J?£2mm(D¥E:/b— M £ ^t^ls] Ct(->^C7>^/ ^ — ^U— h2^^ML7c 0 

£1 Omm<DStff^[5Ifff^3$W«S^^CD3fe37T^/^— 4^±IB^<D4'l^^)^s 

4fcc);i;sfW[Hi^^3(7)±ic^/\*— ^u— \-z^i±tz^imx\mM^m^xw-mzf 

\y— hi ^U— h2££I,!iU^1±-a£^£-fe!-T % IMIC^T^3:&5£flE§!iLf:: 0 

[0054]Ml<£M3£{*5<tJ£gH5ljNo. 1 <Dm±Lfa^ft?ft<Dmffi&®ttft*fr*'&*ftZ>Jx.%i 
ii^X-iz^^7,^mmLtzmsL^5lt. tb^0"JNo. 1(D#^Xiz^^X£{£fflLf::M3ite<h 
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m m 

[0056] 

[^Bj^^mimi^fciifcy. *mM<DfLm&&&ii?*-t^vo*i*. -4o°c~+i6o°c 
<Di&&mmizt$^x. m&wm&tf-zs' — ioox io-vt-c*y, #tt(c*£**ttjb<*#i* 

— l!lil<DT r A-rxic»j®lcm^C£A*T*#<5o 

^5^*xid\ 7f:-;us;u. ^Ws;u N p— =j— s;u. vx^h5;m. ^tt<DtJM*giar=<fcy*ftgi o 

[0°058]£^ *^B^C0m«?S14^X-t275^^X(i , ft&lCtt^T, Jt«KHSST?lSi#^*. 
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